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(g) Metathesis catalyst and its preparation and use. 



(g) The invention relates to a catalyst for use in the metathesis reactions of oiefines, characterized in that 
it comprises an after-treated wolfram complex, which contains dio! ligands and hydrocarbon liqands 
which latter are benzenes substituted with a lower alkyi group " 
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The present invention relates to a catalyst to be utilized in the metathesis reactions of defines as well as 
^trfhe^^ 

3 ^SJSSST XSim words the disproportionation. of defines relates to a reaction, wherein one or 
mJo^ne^re conveited!nto defines having a different molecular weight An define may be dispropor- 

weight In this case, the reaction may be called "self-disproportionation". Two different defines may also be 
inverted into other defines by means of the metathesis reaction. 

Tn order to Action, the metathesis reactions of defines require a catalyst system. wh.oh '"eludes a^an- 
.i« Q n metIl compound often a cocatalyst and sometimes also a compound actmg as a promoter. The catalyst 
ESSSSS or molybdenum are especially eff icient Such catalysts J-e^mpnse^ worf- 
Sm or molybdenum oxide on an inorganic carrier, which is e.g. silica or aumjna •* ■ to add to such 

catalysts drfferent substances as a promoter. Thus. e.g. according the EP publicabon 152 11* t^mum owoe 
^ S tfta^nium-containing substances are added to the surface of the catalyst as a promoter. According to 
fte US patent 4^ ^ "t is known to use a wolfram cata.yst on a silica carrier, into which magnesium oxide 
TaddlttonX mixed. According to the EP publication 50 013. a cata.yst composition is known comprising a 

is preyed from a wolfram compound, an organic ligand and an "9 an ™ ete »^ 

wolfram compound is a wolfram oxychloride and the organic ligand contains a nitnle or ester group. As examples 
of lioands are mentioned phtalodinitrile, adipo nitrile and ethyl phtalate. 

Ac^rdTngto the US patents 550 216. a metathesis catalyst is known, which comprises a compound be- 
tween a wolfram, a halogen and a phenoxy group, which compound is possibly substituted. . 

The preset invention comprises totally novel metathesis catalysts from organo-wdfram compounds. 

rll invent^ o?ta.yst is mainly characterized in that it comprises an after-treated wolfram complex, which 
contems dioMiganS and hydrocarbon Uganda, which are benzenes substituted with a lower alky, group. 

The inventive method for preparing a catalyst is characterized in that 

a> a comdex between an inorganic wolfram salt and a did is formed. 

o m r£m P tex obtained is caused to react with a benzyl anion or a benzyl anion substituted with a lower 
aM grX for obtaining a wolfram complex containing did ligands. benzyl Uganda or benzyl Uganda sub- 
stituted with a lower alkyl group, and 

cUhe wolfram complex obtained is impregnated into a carrier and calcinated. 

The Le^rmetathesis processfor the conversion of defines, wherein 
mm l d converts the olefine into defines having a different molucular weight, is charactenzed .n that sad 
Z^enoZ c?£* comprises an after-treated wolfram complex, whfch contains did ligands and unsubsti- 

tuted benzyl ligands or benzyl ligands substituted with a lower alkyl W 

The preferred embodiments of the invention have the charactenstics of the subclaims 

wolfram complexes, in which as ligands are used a did or a benzene substituted with a ^ 
nmul e rSne may be converted into heterogenous catalysts, which function in the metathesis of ole- 
fTsafa 9 Z^^n conventional catalysts, in which ammonium wdframate arts as a precursor ta 
Son; the preparation of the catalysts is easier, since the quantity of metal ,s low and the solubility ,n polar 

0f9 "ZtZ^e^reson^en^e synthesized precursors are of a novd type, is based on spectra 
and me defe mTnaiton of the released HCL. Thus, the inventive catalyst is used in the metathesis reaction^ 
whtc? C^d^mpose and the moieties combine again. For example propene may be prepared from 

6 *Cinv^ 

substituted with a lower alkyl group. ,. . __ liati „ n -t . 

In the f irst step, an inorganic wolfram salt and a did form a complex awarding to the equation 1 . 

,n (1) WCI 6 + 2diolH 2 ->WCI 2 (did 2 )*4HCI 

in which diolH, = a did compound, preferably a picanol or trans-1.2-cydohexane did 

Thereaf ter the wolfram oxide obtained reacts with a bromide of a benzene subsisted with a ower aft* 
group Tthis example with a mesitylene bromide, and a metallic magnesium for obtaining a catalyst precurcor 
■ in accordance with the equation^ + + ^ ^ ^ ^^.^ + ^ + ^ 

in ^e C^^^SSS by means of embodiment examples, which are not intended to limit the 
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invention. 

w J h ? SST? W6re made 3 nitr£>9en atmos P here b V "sing a Schlenck technique. The solvents, except 
for the tetrahydrofcrane. were dried by calsium hydride and distaied. and the tetrahydrofurane was dried w«h 
a sodium-benzophenon mixture before the distilation. The diols were sublimated before use 
a . ™ e hydrochloride released in the reactions was determined by bubbling the reaction solution with nitrogen 
and by passing the solution into an 0.10 M NaOH solution, which was titrated 

For the determination of the wolfram content and the chlorine content of the products, they were decom- 
posed by means of a concentrated nitric acid. The chloride was potentiometrically nitrated and the wolfram was 
gravimetncally determined as an oxide. As for the catalysts, the wolfram was determined by means of XRF 

The infrared spectra were run in nujol (JASCO IR-810), the NMR spectra were run in carbon tetrachloride 
or deuterochloroform (JEOL JNM-PMX 60, JEOL GSX-400). leiracnionoe 

The catalysts were tested in a microreactor in a quartz-glass tube, through which passed the purified pro- 
pylene (mo ecularsieves and copper catalyst). A sample of the gas flow passed through the catalyst was taken 
automatically at intervals of one hour and a gas chromatogram (column Chrompackin Fused Silica) was run. 

EXAMPLES 1-3 

A reaction of wolfram hexachloride with trans-1 ,2-cyclohexane diol 
Example 1 

A reaction of wolfram hexachloride and trans-1, 2-cyclohexane diol in a substance quantity ratio 11 

WCI„ + chdH 2 -> WCI 4 (chd) + 2 HCI 

1.635 g (4 12 mmol) of wolfram hexachloride was dissolved, when being in a Schlenk tube, in 15.0 ml of 
carbon tetrachlonde. 0 4214 g (3.63 mmol) of trans-1. 2-cyclohexane diol was added to the solution. The sot 
ution was admixed with a magnet mixer, and it was allowed to reflux for one hour. Thereafter, acid formation 

r^lT kT' MqUid PhaSe WaS evaDorated «"*r « underpressure. The product was a b.a* 

solid substance, wh.ch dissolved in 1.2-dimetoxy ethane and mebnol. On the basis of an IR-spectrum there 
was no organic moiety in the product. The test was repeated by using hexane as a solvent, whereby the product 
was similar to that obtained above. H " 

Example 2 

A reaction of wolfram hexachloride and trans-1. 2-cyclohexane diol in a substance quantity ratio 12 

WCI« + 2 chdH 2 ~> WCI 2 (chd) 2 + 4 HCI 

1.276 g (3.22 mmol) of wolfram hexachloride and 0.7475 g (6.44 mmol) of trans-1 .2-cyclohexane diol were 
drsso ved in 1 5.0 ml of carbon tetrach.oride. The solution was admixed and it was a.lowed to ref lux forTne ano 
a half hour. Thereafter, acid formation was no longer observed. After the evaporation of the liquid phase a 
red-brown substance was obtained, which dissolved well in toluene, chloroform. 1,2-dimetoxy ethane and met- 
anol. It disso^ed poorly in carbon tertachloride. and it did not dissolve at all in hexane. From the compound 
were measured IR and m NMR spectra (cf. Table 1). On the basis of these, the compound contains cydoZxane 
diolato groups bound to the wolfram. y nB 

69.6 mg of the cyclohexane compound of wolfram prepared was decomposed with 0.5 ml of concentrated 
nitric acid and 9.5 ml of water was added to the mixture. The released chloride ions were titrated potentiomet- 
oSorine 8 '" 9 3 Si ' Ver e ' eCtr0de " AcCOrding to ,he determination, the compound contained 1 3.7% 

™„ F ° r J he ^ e |f rmina ! ion ' ° f me wolfram - 102 -2 mg of the compound prepared was admixed into 15.0 ml of 
concentrated nrtnc acid and 15.0 ml of water. The mixture was cookedfor half an hour, whereafter a pale yellow 
WO3 was separated by filtration. The wolfram oxide was dried by maintaining it at a temperature of 850°C Z 
too hours. The ox.de was weighed and according to the weight the quantity of wolfram obtained was 42 4% 
If it is assumed that the four chloroligands of wolfram hexachloride are replaced with two biserrate cyclohexane 
diolato ligands, the WCI(chd) 2 thus obtained would contain 14.7'/, of chlorine and 38.1'/. of wolfram 

Example 3 

A reaction of wolfram hexachloride and trans-1, 2-cyclohexane diol in cold 

o , Q If " 9 mm0l) 5 W0 ' fram hexachloride was dissolved in 20.0 ml of 1.2-dimetoxy ethane, and 1.112 
g (9.59 mmol) of trans-1, 2-cyclohexane diol was added to the solution. The solution was maintained at a tern- 
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the reduction of the wolfram. 

5 

EXAMPLES 4 and 5 

A reaction of wolfram hexachloride and pinaco! 

10 Example 4 

pou £ T/^en ano J.M rt« to .educed «c*em compounds. 
Example 5 

from the product (cf. Table 1). . ^ mnosed 5v mixing it in 0.5 ml of concentrated nitric acid. 

105.9 mg of the compound ^^^J^^^^L content was determined. The content 
After this. 9.5 ml of water was added to the mixture, ana me emu. 
obtained was 7.6% (the calculated content was 7.7%). 
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Table 1 Characteristic ER absorptions and 1 H NMR spectra of alkoxo com- 
pounds of wolfram 



Compound 



Absorption peaks 
of ER spectrum 
(cm" 1 ) 



1 H NMR spectrum 
(S /ppm) 



WCl 2 (chd) 2 

WOa 2 (chd) 2 

[Wa(pin 2 )] 2 
WCXn 2 (pin) 

W(chd) 2 (mes) 2 



1040 
1000 
900-600 

1040 
1000 
900-600 

1140 
960-620 

1140 
980 

960-600 



CO 
W-O 
CO 

w=o 
w-o 

C-O 

w-o 

C-O 

w=o 
w-o 



1.2 
3.6 
3.7 



W(mes) 2 (pin) 2 1160 

960-900 



C-O 



1.2 ; 1.8 
2.2 ; 2.4 
3.8 
6.9 

23 ; 2.4 
6.9 



chd = cyclohexane diolato ligand 
mes = mesitylene ligand 
pin = pinacolato ligand 



Example 6 

Preparation of dimesitylene dipinacolato wolfram 

0.613 g (1.55 mmol) of wolfram hexachloride was dissolved in 1 0.0 ml of toluene. 

0.994 g (3.10 mmol) of tetrabutyl ammonium nitrate and 3.10 mmol of pinacol, dissolved in 15.0 mol of tol- 
uene, were added to the solution. The solution was mixed and it was allowed to reflux for six hours. As the 
reaction advanced, two liquid layers formed in the vessel, the lower one of which layers was an orange and 
the upper one was a yellow solvent. The orange solvent was dissolved in 10.0 ml of tetrahydrofurane, and 3.1 
mmol (0.08 g) of magnesium and 3.1 mmol (0.47 ml) of bromine mesitylene were added to the solution. The 
solution was mixed at a temperature of 65°C for four hours. The solution was separated by decantation from 



OS26101A1J_> 



EP 0 526 1 01 A1 



a non-reacting magnesium and the salt formed. The solvent was removed from the yellow solution by evapor- 
ating the solution under an under-pressure. ,(T»M a 1\ Tha 

A 1 H NMR spectrum and an IR spectrum were measured fro the brown yellow ody produc (JaWe 1 Jhe 
compound formed in the reaction contains a mesityiene .igand and a pinacolato ligand bound to the wolfram. 

R WO, + 1 pinH 2 > WCI 2 (pin) 2 + 4 HCI 

WCI 2 (pin) 2 + 2 Mg + 2mesBr > W(mes) 2 (pin) 2 + MgCI 2 + MgBr2 

Preparation and testing of catalysts 

The catalysts were prepared by separately impregnating each precursor {in one l«" £ 
nacol anoln the other trans-1.2-cyclohexane dial) from THF into silica (PQ Corporate CS-1231) and by cal- 

^SS^SSi Passing propene through a catalyst bed at 400°C. A WHSV 4 rr 1 conversion 
was obsefved'tn connection with both catalysts to be ca. 50%. (WHSW = weight hourly -P~ **«*££ 1 
qoftSefeedingrate(g)flowingthroughthequantityofthecatalvst P erhour.)lnmerefe^^^ 
w^rcontalned the same quantity of wolfram (2%). the conversion was dearly below 50%. See Tables 2. 3 
and 4. 

Example 7 

The sample was dimesitylene dipinacolato wolfram. 

A "C-NMR and a 'H-NMR was run from the sample with a 400 MHz device. The spectra may be f.tted 

^ TZZV^n to dissolve in THF, due to which a cata.yst impregnated from this solution was^e- 
2S pared which catalyst contained 0.1294 g of the sample and 0.4450 g of silica. A calcnaUon was performed ,n 
a ni^ogen Tux (ca 10 l/h). 600°C. 1 h). During the calcination it was observed that a green and brown o,l con- 
densated in the reactor tube. It was allowed to react with propene, as shown in Table 2. 
The wolfram content of an unused catalyst was 2.1% and after the reaction 2.5%. 

30 Example 8 

The sample was dimesitylene bis(cyclohexane diolato)wolfram. 

0 29 g of the sample and 0.94 g of silica were impregnated. 0.5425 g of the catalyst was packed m the 
reoffend a calcination was performed with nitrogen (ca. 10 ./h, 600-C. 1 h). A brown greemsh o,l was ob- 
35 served during the calcination. It was allowed to react with propene. as shown .n Table 3. reaction 
The wolfram content of an unused catalyst was 1 .4% and the correspond^ percentage after the reacbon 

was 1 .9%. 



40 



REFERENCE EXAMPLES 9-10 

Two reference catalysts were prepared and tested. One of them is based on wolfram oxide chloride WOCU, 
whicMs a i complex dissolving in non-polar solvents, and the other one is based on a water-soluble 
salt ((NH«) 2 W0 4 . which is the most common reactant in metathesis catalysts. 

45 Example 9 

A reference catalyst from WOCU. a low wolfram content * .,-.»„ 

M8 g of woSam oxychloride was added gradually to and by simultaneously mixing wrthl.28 gcrf srhca 
in dichloromethane (0.6-1.6 mm. 310 m*/g, The PQ Corporation). They were allowed to a bsorba ~onv tem- 
perature ca. for 3 hours, after which they were evaporated in a vacuum. The wolfram content was determmed 

10 b 0 5302 g of the catalyst was loaded into a reactor tube, calcinated with air at 600-C and flushed with ni- 
trogens^ a metathesis reaction of propene at flows 1.0-6.0 l/h. The wolfram content after the run 



50 



55 



was 2.2%. 
Example 10 

A reference catalyst from (NH^WCU, normal wolfram content. 

6 
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A 3.9% water solution of ammonium volfram 35.30 g was added gradually to and by simultaneously mixing 
with 19.96 g of silica (0.6-1.6 mm, 310 rr^/g, The PQ Corporation). They were allowed to absorb at 80°C ca. 
for one hour, after which they were evaporated at 115°C for 17 hours. 

16.7 g of the same solution was impregnated once again, it was allowed to absorb at 80°C and dried at 
115°C for 23 hours. The metallic content was determined to be 5.8%. 

0.3782 g of the catalyst was loaded into a reactor tube, calcinated with air at 600°C and bushed with ni- 
trogen. It was tested in a metathesis reaction of propene at flows 0.1-4.1 l/h. The wolfram content after the run 
was 6.3%. 

The test results are shown in the enclosed Tables 2-5. In the product distribution, the ratio between ethene 
and butenes is not the molar ratio 1 :1 required by theory (the ratio of the weight percentages was ca. 1 :2) 9 since 
some ethene disappears from the system before the analysis. The conversion and the activity have been cal- 
culated from the butene observed. 
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Claims • 

1. A catalyst for use in the metathesis reactions of olef ines, characterized in that it comprises an after-treated 
wolfram complex, which contains diol ligands and hydrocarbon ligands, which latter are benzenes substi- 

50 tuted with a lower alkyl group. 

2. A catalyst according to Claim 1, characterized in that the substituted benzene is mesityiene. 

3. A catalyst according to Claim 1 or 2 V characterized in that the structure of the precursor of the catalyst is 
55 W(ArCH2)2(diol) 2 , in which ArCH 2 is mesityiene and diol is 1, 2-cyclohexane diol or picanol. 

4. A catalyst according to any of the Claims 1-3, characterized in that the catalyst precursor is impregnated 
in silica and calcined. 

13 
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A method for preparing a heterogenous catalyst for use in the metathesis reaction of olef ines, character- 
ized in that ^ 

a) a complex between an inorganic wolfram salt and a diol is formed, , halAuier 
b the complex obtained is caused to react with a benzyl anion or a benzyl anion substrtuted with a lower 
alkyl group for obtaining a wolfram complex containing diol ligands and benzyl ligands or benzyl ligands 
substituted with a lower alkyl group, and 

c) the wolfram complex obtained is impregnated into a carrier and calcined. 
A method accorciing to Claim 5, characterized in that the inorganic wolfram salt is a wolfram halide, pre- 
ferably a wolfram chloride WQ 6 . 

A method according to Claim 5 or 6. characterized in that the diol is picanol or 1, 2-cyclohexane diol. 
A method according to any of Claims 5-7. characterized in that the carrier is a silica. 

A method according to any of the Claims 5-8, characterized in that the complex of the wolfram salt and 
The diol is treated with a halide of a benzene substituted with a lower alkyl group, preferably with a brom.de 
and a magnesium metal. 

10. A method according to any of the Claims 5-9, characterized in that the impregnation is performed from 
an inert solvent into a carrier, which is preferably a silica. 

11. A method according to any of the Claims 5-1 0, characterized in that the calcination with an inert gas. pre- 
ferably nitrogen, is performed at a temperature of 400-800°C. 

12 A metathesis process for the conversion of olef ines, wherein a catalyst comprising a wolfram compound 
c^onvlrts the olef ine into olef ines having a different molucular weight, characterized in that sa,d hetero- 
genous catalyst comprises an after-treated wolfram complex, which conta.ns d.ol l.gands and benzyl lig- 
ands substituted with a lower alkyl group. 

13. A process according to Claim 12, characterized in that the define comprises one or more olef ines, e.g. 
an ethene or a 2-butene, for preparing a propylene. 



7. 
8. 
9. 
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